MATLAB EXPPO

i

(A ELILE

¥ e48 MathWorks F[E]

- ) MathWorks

2k pai:

3 ;4 e




MATLAB BEXP

REERQ
{55 PR T EL A A0 R B35 2 E it 1

e

(REA =S

T Y B
1:|:1E/‘,zrt¢f—t |$ Be EE,/ﬂ’,@.Rd'

Global Optimization Toolbox

Powertrain Blockset . : : o
Simulink Design Optimization

Simscape Battery

AT EXEREAERE. 2 [EFE KBS AV [E] R, f=as S




MATLAB EXF

FERAR
ERAEMBENREE MR

]35S

- ARG EEE

- REEMERTHL
- HHEIRIT

- ZEip



MATLAB EX

ElRERFRIL : BT BRI S
BT BEA

ARETWIER D TR —SWRiA. Alk, BibEaR%E (BEV) 2— 1 ERIENHERG =:
W HERUE LR gE iR KR
[ERFTHRERERITE

AT, AR HEECIOATFTE. .




B RERRIA : TNSIERCHIESAL
=TEn): g 84

Bt & SN 2250 = = I E M 8 B R G R H S
- BA

—- EAEE

—  IniEMERE

R RRE— T EAAK

4 XK B2 R R a5 F MathWorks = s 3E :

1. RIEBEVIRE! (GRiHbZEw4Ese
2. UALEMLAR ST
3. EMEIFEMIRIT

MATLAB EXPC




MATLAB EXJ

FERAR
FERFEMNILBR S ER MRS

. AR
. E R
. BERERTHA

-y

. EERIT b D,

Assess system
performance

- Zhip




6l BEV 1=E!
{5 Powertrain Blockset™

£ Powertrain Blockset g i k= E.

- RERM. EH. RESNNITMBENFNERSGEER
- REVEENALEEPERANRERERR RGN

- WREDH. AHRTIEEMAARIEEIEEE

{#F Virtual Vehicle Composer 4 R ZE4REHY
- RXEANARERF

- BN TERBERRIRR

- BENMSSIEGSHIL

- EREEED

MATLAB B

i A@®

Energy Storage
and Auxiliary Drive

Drivetrain Propulsion

S

s

Transmission

Vehicle Dynamics Vehicle Scenario Builder

4\ Virtual Vehicle Composer

VPOSE]
1 e - =
wOEd X 8 H & & B
New Open Save | Setup Dataan d Scenaric Logging | Virtual Vehicle Default
Calibration and Test Layout
FILE CONFIGURE BUILD OPERATE ANALYZE LAYOUT Y
Virtual Vehicle Setup Data and Calibration Scenario and Test Logging
~ PassengerCar
Chassis Chassis: | Vehicle Body 3DOF Longitudinal
Tire Data
~ Brake Type
Brake Control Unit paans S
~ Powertrain |~Q
Vehicl
E1 automoTive
~ Enging
En : - B e
~ Drivetr] ﬁ % @j
Driving Scenario  Ground Truth MBC Model MBC Virtual Vehicle
Designer Labeler Fitting Optimization Composer




MATLAB BEXlPO

25 22 f gk
& Virtual Vehicle Composer B &4 X

WX RIR R




B RARR IS

Veavth, PREZNRAE

MATLAE

Drive cycle simulation (WLTP)

Vehicle spec. Result
Range 371 km
Battery cost 7537 $

Acceleration simulation (WOT)

Vehicle spec.

Result

t0-100 kph

6.8s
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g,: DriveCycleFault < 0
g,: Range > 400 km

O3 to100kph < 7S

GHTE:

X;: 10 < Np <50 (Integer)
X,: 80 < Ns < 140 (Integer)
X3: 7<Nd<10 (Continuous)
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Drive cycle simulation (WLTP)

Acceleration simulation (WOT)

Vehicle spec. Target Result
Range > 400 km 371 km @
Battery cost Minimize 7537 $

Vehicle spec.

Target

Result

to-100 kph

<70s

6.8s @
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Cost function f(x)

Variable Initial Optlmal
assessment solution

Range 371 km 406 km

Battery cost 7537 $ 8279 $

t0-100 kph 6.8s 6.8 s
Nd 9 7
Ns, Np 96s31p 91s36p
Bus voltage 357.8V 339.2V
Capacity 60.3 kWh 66.3 kWh
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Simscape
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SIMULATION DEBUG MODELING FORMAT
LS| batt_BatteryManagementSystem_tuned B
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Info pr
7 BattTemp '| | Battvolt pp
Lithium |lon Battery Pack
Block Parameters: Lithium lon Battery Pack x
Datasheet Battery (mask)

Implements a model for a lithium ion, lithium polymer, or lead acid battery based off of
discharge characteristics taken at different temperatures. The model can be
parameterized using a typical battery datasheet or through experimental measurement.

Block Options

Initial battery capacity: Parameter v
Output battery voltage: Unfiltered v
Parameters

Rated capacity at nominal temperature, BattChargeMax [Ah]: BattChargeMax H
Open circuit voltage table data, Em [V]: Em*1 <100x1 double>  §
Open circuit voltage breakpoints 1, CapLUTBp []: CapLUTBp <Ix100 double>
Internal resistance table data, RInt [Ohms]: RInt <4x100 double>
Battery temperature breakpoints 1, BattTempBp [K]: BattTempBp [263.15,273.1.. %
Battery capacity breakpoints 2, CapSOCBp []: CapSOCBp <1x100 double>
MNumber of cells in series, Ns []: Ns % i
Mumber of cells in parallel, Np []: Np 3 3

Initial battery capacity, BattCaplnit [Ah]: BattCaplnit*BattSoclnit/.75

Block Parameters: Lumped Module
Module1
Seltings Description

I Main
» Vector of state-of-charge values, SOC
» Vector of temperatures, T

7 Open-drcuit voltage, VO{SOC,T)

> Terminal voltage operating range [Min Max]

» Terminal resistance, RO{SOC,T)
# Cell capacity, AH
Extrapolation method for all tables
[ Thermal
# Thermal mass
> Cell level coclant thermal path resistance
» Cell level ambient thermal path resistance
I+ Cell Balancing
» Cell balancing switch closed resistance
» Cell balancing switch open conductance
» Cell balancing switch operation threshold
> Cell balancing shunt resistance
I Initial Targets
» [_] Cell model current (pasitive in)
» [_] cell model terminal voltage
v (B Cell model state of charge
Priogity

Value

CapSOCEp

BattTemnpBp

repmatiEm,1.4)

[0, inf]

Rint"

BarntChargehax

MNearest

0.0

05

50

High

0.75

Ohm

Arhr

R

Ohm

1/0hm

Ohm

B Auto Apply @
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0 \ J Q Copyright (C) 2022, The MathWorks, Inc.
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; { +
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W relErrorV @ E
AH
@ A ‘ B CPB moduleV *
v ————»—]
relErrory/
-+ @f
| = £
0] o<l Simscape Model This model compares the response
f-"5 of a lumped module in Simscape
a dataB.tempI —p> Battery to the system-level battery
| 3 06 | measTemp B .
" response in Powertrain Blockset.
»
|6 De-5 4 .
Voltage Relative Error < 0.006 mV _— 138 ode2dt | 4
0.0e-6
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Simutation Strategy

Define module

Ns = 96; % number of parallel assemblies in series
batteryModule = Module(ParallelAssembly = batteryParallelAssembly, numSeriesAssemblies = Ns);

Define simulation strategy

batteryModule.ModelResolution = "Lumped";

Grouped (—MNHEXEERR— i)

96 cell models

Simutation Strategy

Define module

Ns = 96; % number of parallel assemblies in series
batteryModule = Module(ParallelAssembly = batteryParallelAssembly, numSeriesAssemblies = Ns);

Define simulation strategy

batteryModule.ModelResolution = "Grouped";
batteryModule.SeriesGrouping = ones(1,Ns);

MATLAB BEXlPO
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